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1. 0 OBJECI'IVE 
iile objective of the laboratory test program is to demonstrate that 
the selected cable and joints are capable of withstanding the 
expected mechanical stresses and environmental conditions to be 
encountered during deployment, retrieval and in operation while 
retaining the electrical characteristics necessary for a service 
life exceeding 30 years. In addition, the objective is to obtain 
data to optimize the final cable system design. 
Routine and Type (Qualification) Tests, based on Electra No. 68 and 
No. 72, will be performed by the manufacturer on full cable lengths 
or on sample cable lengths, as applicable, from the same production 
lot as will be used for the laboratory test program. A detailed 
description of the qualification tests is included in Appendix A for 
reference purposes. · -
2. 0 LABORATORY MECHANICAL AND ELEX:TRICAL TFs:rS 
This Laboratory Test Protocol has been developed to demonstrate 
technical feasibility of the cable system and incorporates (1) 
mechanical tests on the cable system to simulate stresses likely to 
be experienced during installation, recovery and under operating 
conditions including tidal currents and bottom currents over at 
least a thirty-year life and (2) electrical tests to demonstrate a 
life expectancy of greater than thirty years under the anticipated 
mechanical stresses. 
The test program described in this document is separated into two 
parts: 
Individual tests to verify the performance of the cables and 
joints under single worst conditions. 
' 
' Sequence tests which cumulate the principal events foreseen in 
the deployment and long term operation of the cable and joints. 
The two parts of the test program are respectively preceded by a 
chart which permits an overview of the test program and the 
significant details thereof. 
In the laboratory test program, reference is wade to Electra No. 68 
and Electra No. 72 for test procedures. Electra No. 68 refers to 
"Recommendations for Mechanical Tests on Subwarine Cablesn and 
Electra No. 72 refers to "Recommendations for Tests of Power 
Transmission DC Cables for a Rated Voltage Up to 600 kV" both 
· developed under the auspices of CIGRE Study Committee 21. 
The tests procedures and related equipment are specific in the case 
of the qualification tests which are standard tests referred to in 
Electra No. 68 and No. 72. Such is not always the case for· the 
non-standard laboratory tests where many of the details can only be 
finalized in the course of setting up the test and, in isolated 
cases, while the tests are in progress. 
1 
The number of repeat tests specified in the laboratory test program 
is predicated on the following considerations: 
• Scatter of test data normally experienced in the performance 
of a specific test. 
Relative position of the statistical distribution of the 
test data compared to the level of performance that is 
required. 
In the specific case of ·self contained oil filled cable, which is 
generally true for oil impregnated laminar dielectric cable, the 
manufacturing process provides extreme uniformity of the insulation 
which will not be impaired by thermal cycling. Hence, insofar as 
electrical tests are concerned, a single test is su~ficient. In the 
case of mechanical tests, including those tests that relate to 
fatigue of the lead sheath, the number of repeat tests specified 
relate to the criteria mentioned above and are further influenced by 
the fact that the test conditions have been accelerated compared to 
the expected stresses during deployment, retrieval and repair 
operations. 
2 
LABORATORY INDIVIDUAL TESI'S 
·. 
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3.0 IJIBORATORY INDIVIDUAL TESTS 
3 .1 BliBELINE ELECI'RICAL TEST LI -1 
3.1.1 
3.1.2 
·. 
Puroose 
The purpose of this test is to provide baseline 
electrical data on a length of as manufactured cable 
and to allow the quantification of the degradation of 
cable samples subjected to the mechanical tests in 
LI-2 and the Laboratory Sequence Tests (LS-1 through 
LS-4). 
'fest Procedure 
Power Factor 
The power factor of the cable sample shall be measured 
in accordance with Clause 8 of Cigre No. 72 at ambient 
temperature with care taken to minimize the influence 
of the terminations. Should the measurements be taken 
at a temperature below 20°C the correction procedure 
stipulated in Clause 8 shall be applied. 
The maximum power factor at the vol~~ge stresses 2~ 10 
kV/mm and 20 kV/mm shall be 40 x 10 and 52 x 10 
respectively. The maximum power factor difference 
between_!O and 20 kV/mm (ionization factor) shall be 
14 x 10 • The oil pressure on the cable at the 
highest position shall be adjusted to a value of 700 
kPa (7 bars). This oil pressure is sufficiently high 
to closely approach the electrical properties of the 
ceble at its operating pressure of 25 to 30 bars while 
facilitating the performance of the test. 
D.C. High Voltage Test 
The cable sample shall be subjected to a negative 
direct current voltage of 600 kV (2 Uo) between 
conductor and sheath for 15 minutes at room 
temperature in accordance with Clause 7 of Cigre No. 
72. The oil pressure at the highest position shall be 
adjusted to a value of 700 kPa (7 bars). 
Lightnina Tmpulse Test 
The test shall be conducted in accordance with Clause 
11, subparagraph 11.2, of Electra No. 72 and the 
referenced IEC Publication No. 230. The oil pressure 
at the highest position shall be adjusted to ·a value 
of 700 kPa (7 bars). The conguctor shall be current 
loaded to a temper3ture of 90 c (maximum rated 
temperature plus 5 C). 
After demonstration of the impulse withstand voltage 
of 775 kV, the impulse voltage shall be increased in 
steps of 25 kV until breakdown occurs. 
5 
3.1.3 
3.1.4 
3.1.5 
3.1.6 
For engineering information the cable shall be 
dissected in the region of the breakdown area to 
deterrrdne the breakdown path, cause of failure. A 
detailed examination of all components of the 
insulation structure of the cable shall be conducted 
and reported. Specifically, the tape shield and 
insulation structure shall be examined for uniformity 
of gaps, creases, torn tapes and registrations. 
Test and Measuring EcvJi!?lllent 
a) Power factor bridge (Table 1) 
b) D.C. generator (Table 1) 
c) Impulse generator (Table 1) 
d) Laboratory terrrdnations (2) (Table 1) 
e) Current heating transformers (Table 1) 
f) Low and High Pressure Oil Reservoirs (Table 1) 
g) Temperature monitoring and recording equipment 
(Table 1) 
h) Special cable oil (1000 liters) 
i) Oil processing equipment (Table 1) 
Data to be Rewrted 
a) Cable power factor and ionization values 
b) Ambient temperature 
c) DC voltage test results 
d) Impulse breakdown value 
e) Results of dissection and analysis of failure 
f) Cable pressure 
g) Temperature of conductor and sheath 
Nu!!!ber of Tests 
One 
Length of Cable Sample 
40 m 
3.2 BENDH:X; AND ELECTRICAL TEST LI 2 
3.2.1 PuiJ?Ose 
The purpose of this test is to demonstrate that the 
electrical characteristics of the cable and repair 
splice will not be impaired by the forces that may 
occur during at-sea deployment and recovery 
operations. In addition., the test will provide data 
to allow a comparison between the results of this test 
and a similar test conducted under the qualification 
testing program. 
6 
3.2.2 Test Procedure 
Bending Test 
The mechanical set-up for performing the bending test 
shall be in accordance with Figure 1 of Electra No. 
68. Alternatively, the bending of the cable shall be 
accomplished as shown in Figure 1: 
F;'l. 1 Bendi'"f rut 
T• ApplicJ. Cable. Tet.o.;_ 
d "' . Shu- lior:~a .. t.\ D:apl-.....,t ' 
The cable ends shall be secured with mechanical heads 
that are designed to join all metal co~nents of the 
cable in such a manner as to provide the same 
distribution of tensile load as will be experienced 
during cable deployment. 
See paragraph 3.2 of Electra No. 68 for details of the 
bending test. The oil pressure at the highest 
position shall be adjusted to a value of 700 kPa (7 
bars). The test shall be performed on a length of 
cable containing a repair splice. The cable shall be 
wound on a drum having a diameter of 12 m which will 
be the diameter of the overboarding sheave to be used 
on the cable laying vessel. During the bending tests, 
the cable shall be subjected to a tension of 85 
tons which is calculated using the following formula: 
T = 1.15 (1.3 Wh + 6.8) tons 
where: W = weight of cable in water 
= 0.027 ton/m (27 kg/m) 
h = maximum anticipated depth of deployment 
= 1915 m 
Note: The above formula differs from that in Electra 
No. 68 due to the inclusion of a safety factor 
of 15 percent and a higher bottom tension due 
to the greater difficulty in controlling bottom 
tension at the greater deployment depth of 1915m. 
The 85 tons tension calculated above corresponds 
to a depth of 2307 m calculated using the formula 
in Electra No. 68. 
Although the maximum depth at which a repair splice 
can be made will be in the order of 600 rn, it is 
considered desirable to demonstrate that the repair 
joint can withstand the same tensile forces as the cable 
and factory joint. 
Load Cycle and Polarity Reyersa1 TeSt 
After the bending test, the cable sample containing a 
repair joint shall be subjected to the load cycle and 
polarity reversal test. 
This test, comprising 30 loading cycles, shall be 
performed in accordance with clause 10 of Electra No. 
72. A loading cycle shall consist of 8 hours heating, 
at the end of which the conductor temperature shall ge 
not less than 90°C (maximum rated temperature plus 5 C) 
and the temperature across the insulation shall be 11 K 
(maximum design value for this cable design and 
application). The 30 loading cycles are divided into 3 
tests of 10 cycles each. 
The first 10 loading cycles shall be carried out with 
a positive de voltage of 600 kV (2 Uo) applied between 
the conductor and sheath. 
The next 10 loading cycles shall be carried out with a 
negative de voltage of 600 kV (2 Uo) applied between 
the conductor and sheath. 
The third 10 loading cycles shall be carried out with 
a de voltage of 450 kV (1.5 Uo) applied between the 
conductor and sheath. Starting with positive voltage 
the voltage polarity shall be reversed every 4 hours 
and one reversal shall coincide with the cessation of 
loading current in every loading cycle. The 
recommended time duration for a polarity reversal is 
maximum of 2 minutes however the time duration may be 
extended to 10 minutes maximum if the insulation time 
constant is long. 
Lightning Impulse Test 
This test shall be conducted in accordance with Clause 
11, subparagraph 11.2, of Electra No. 72 and the 
referenced IEC Publication No. 230. The oil pressure at 
the highest position shall be adjusted to a value of 700 
kPa (7 bars). The ~nductor shall be current loaded to 
a temperature of 90 C (maximum rated temperature plus 
5°C). 
After establishing of the impulse withstand voltage of 
775 kV, the impulse voltage shall be increased in steps 
of 25 kV until breakdown occurs. 
8 
3.2.3 
3.2.4 
3.2.5 
3.2.6 
For engineering information, the cable shall be 
dissected in the region of the breakdown area to 
determine the cause of failure. This examination shall 
include determination of the failure path and condition 
of the tape shield and insulating tape structure, e.g. 
uniformity of gaps, creases, torn tapes and 
registrations, on both sides of the failure. In 
addition, should the cable failure not occur within the 
repair splice, the splice shall be dissected and a 
detailed examination of all components shall be 
conducted and recorded. 
Test and Measuring Equipment 
Mechanical 
a) 12 m sheave with trolley 
b) Tensile test facility (100 tons) 
c) Cable mechanical end heads (2) 
d) Tensile recorder 
e) Load cell (100 tons) 
f) Low and high pressure oil reservoirs (Table 1) 
g) Cable fixed point (1) 
h) Cable sealing heads (2) 
i) Free rotating head (100 tons) 
j) Elongation gauge and recorder 
Electrical 
a) DC generator (See Table 1) 
b) Impulse generator (See Table 1) 
c) Laboratory terminations (2) (Table 1) 
.- d) CUrrent heating transformers (Table 1) 
e) Low and high pressure oil reservoirs (Table 1) 
f) Temperature monitoring & recording equipment 
(Table 1) 
g) Special cable oil (1500 liters) 
h) Oil processing equipment (Table 1) 
Data to be reported 
a) Results of the electrical tests. 
b) Bending test tension values and other pertinent 
observations. 
c) Temperature of conductor and sheath during 
electrical tests. 
d) Impulse breakdown test values. 
e) Results of dissections of the failed cable/joint. 
f) Cable pressure. 
Number of Tests 
One bending test and one series of electrical tests. 
Length of Qlble Sanple 
The bending test sample, including a repair splice, 
shall be 120 m in length. 
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3.3 HIGH STBESS TENSILE TEST LI-3 
3.3.1 
3.3.2 
Purpose 
The purpose of this test is to demonstrate that the 
cable and factory joint are mechanically sufficiently 
strong to withstand much higher tensile forces than 
those anticipated during laying and retrieval 
operations. Thus an assessment of the mechanical 
design safety factor of the cable system can be made. 
Electrical tests will not be conducted since no 
assurance can be given about the preservation of the 
electrical characteristics of the internal insulation 
after the cable has been subjected to these high 
tensile stresses. The significance of this test is 
that if a length of cable is subjected to a tension 
significantly higher than the maximum design value , 
the length will not break but may require replacement. 
Test Procedure 
Tensile Test 
See clause 3.3 of Electra No. 68 for details of the 
test. 
The tensile test shall be performed on a long bed 
tensile testing machine equipped with a suitable 
measuring device for recording the maximum tension 
applied to the cable. 
The cable ends shall be provided with suitable heads 
for application of the tensile load. One head shall 
be free rotating. 
At the start of the test the tension shall be slowly 
increased to an initial tension value To = 1.85 tons 
which has been calculated by the following formula: 
where: 
To= 50 w tons 
50 = length of cable in meters 
W = weight of 1 meter of cable in air 
= 0.037 tons/m (37 kg/m) 
After.measurement of the length between two index 
lines marked on the cable (Lo), the tension shall be 
slowly increased to a value of Tin = 148 tons which has 
been calculated by the following formula: 
Tin= 2(1.3 Wh + 6.8) tons 
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3.3.3 
3.3.4 
3.3.5 
3.3.6 
where: W = weight of cable in water 
= 0.027 ton/m (27 Kg/m) 
h = maximum anticipated depth of 
deployment 
= 1915 rn 
After holding the tension value for 15 minutes, the 
length between index lines shall be measured (L max) 
and the r-·evolutions of the free head recorded. The 
tension shall then be decreased to the initial value 
(To) and the length between index lines recorded 
(Lo'). The cycle shall be repeated .three times. 
upon completion of the tensile test, two areas of the 
cable shall be dissected one along the unspliced cable 
and the other at the factory joint. For engineering 
information, the cable and joint shall be subjected to 
selective analysis including a) tape shield and 
insulating tape structure, e.g. uniformity of gaps, 
creases, torn tapes, registrations, b) damage to lead 
sheath or reinforcement, and c) condition of conductor, 
armor and outer covering. 
Test and Heasuring Eguignent 
a) Tensile test facility (200 tons) 
b) Elongation gauge and recorder 
c) Cable mechanical end heads; one head free rotating 
(150 tons) 
d) Load cell & cell housing (200 tons) 
e) Cable fixed point (200 tons) 
f) Special cable oil (200 liters) 
g) Oil processing equipment (Table 1) 
Data to be Reported 
a) The maximum tension applied to the cable for 15 
minutes 
b) Values of Lo, Lmax and Lo' for each cycle 
c) The calculated ratios: 
Lrnax - Lo Lo and 
for each cycle 
Lo'-Lo 
Lo 
d) NUmber of revolutions of the free head 
e) Results of cable dissections 
Nurrd:Jer of Tests 
One 
Length of Cghle Sample 
50 rn 
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3.4 REPEATED fl.EXURE TEST LI-4 
3.4.1 
3.4.2 
Pumose 
The purpose of this test is to demonstrate that the 
lead sheath of the cable can withstand the fatigue 
stresses that would occur during the construction of an 
at-sea repair joint under worst sea conditions. Under 
such a situation, the cable would be repeatedly bent 
and straightened on the 12 m overboarding sheave due to 
the pitching of the vessel. 
Test Procedure 
Repeated Flexure Test 
The test shall be performed on a sample of cable 
without a joint and shall be conducted in a test 
arrangement as shown in Figure 2. 
Fi(· 2 Repca.te.i Fle.-urc Tut 
T• "rrl•..& .( .• \.I.~Tenir.i ....... 
d • She.~ H ..ri~o .. M. · Oiarl~cr.""e"t 
The cable shall be attached to a fixed point at one 
end and to a tensioning device on the other. The 
horizontal pulling force to be continuously applied 
to the cable shall correspond to the tension that the 
cable would experience at the maximum depth at which a 
repair operation may be conducted on the cable. The 
maximum depth at which it is considered feasible to 
effect a repair is considered to be in the order of 
600 m. The tensile force is calculated by the following 
formula: 
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' 
T = 1.15 (1.3 Wh + 6.8) tons 
where: W = weight of cable in water 
= 0.027 ton/m (27 kg/m) 
h = maximum depth at which 
cable can be repaired, i.e ..... 600 m. 
In this formula, the numerical coefficient of 1.3 takes 
into account the presence of an alternating component in 
the tensile force (100% static± 30% alternating). 
Tb prevent fatigue of the lead sheath during an actual 
at-sea jointing operation, a short length of cable 
would be periodically overboarded thereby moving the 
flexure point to a new location along the cable. 
Correspondingly, in this test the 12 m sheave shall be 
moved back and forth for a distance of approx. 2 m. 
On the assumption that the pitching of the vessel will 
occur approximately once every 10 seconds (0.1 Hz) and 
also assuming that a new short length of cable will be 
overboarded once every six hours, the cable lead 
sheath at discrete points will be subjected to 2160 
flexing cycles during the course of the repair 
operation. The resultant strain on the lead sheath 
during each of the 2160 flexing cycles on the 12 m 
sheave is 0.69%. The lead sheath fatigue arising from 
the alternating component of the tensile force is 
neglected because the associated strain variation 
(0.064%) is small when compared to that due to bending. 
If the frequency of the test flexures differs from the 
0.1 Hz assumed under at-sea conditions, then the number 
of test cycles Nt to be performed shall be conputed by 
the formula: 1. 
3 
Nt = 1.25 Ns 
Nt = number of test cycles 
. 
s 
Ns = number of at-sea cycles (assumed 2160) 
ft = frequency of test flexures 
fs = frequency of at-sea cycles (assumed 0.1 Hz) 
It is presently considered that a suitable value for ft 
is in the range of 0.02 to 0.05 Hz. 
The above formula is taken from the Pirelli paper 
presented at the IEEE 1986 Sumner Meeting (reference 1). 
It also may be derived from formula (6) of the cable 
Catenary Study (reference 2). 
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3.4.3 
3.4.4 
3.4.5 
3.4.6 
<:ahle Dissection 
Upon completion of the repeated flexure test, the 
cable sample shall be physically examined for evidence 
of mechanical damage to all components particularly 
the lead sheath. Coupon samples of the lead shea.th 
shall be cut from the section of cable subjected to 
the flexing action and subjected to rnetallographic 
examination in comparison with coupon samples cut from 
unflexed sections of the cable and with recorded results 
obtained on coupon samples previously subjected to 
various degrees of flexing/fatigue. 
For engineering information, the cable in the flexed 
area shall be subjected to selective analysis including 
a) tape shield and insulating tape structure, e.g. 
uniformity of gaps, creases, torn tapes, registrations, 
and b) condition of conductor, armor and outer covering. 
TeSt and Measuring EgyiPm§nt 
a) 12 m sheave with trolley 
b) Tensile test facility (100 tons) 
c) Cable mechanical end heads (150 tons) (2) 
d) LOad cell 
e) Tensile recorder 
f) Cable fixing point (100 tons) 
g) Free rotating head (100 tons) 
h) Elongation gauge and recorder 
i) Winches (2) 
j) Special cable oil (200 liters) 
k) Oil processing equipment 
Data to be Reported 
a. Number and frequency of flexure cycles 
b. Observations during flexure test 
c. Results of cable dissection 
d. Results of rr~ta~lographic examination 
Number of 'It!sts 
One 
Length of Cable Sample 
120 m 
3. 5 DE:l'ERMINATION OF CRIT~JIJ:LLEWI'H 
3.5.1 Purpose 
The purposes of the following tests are to facilitate 
the determination of the maximum critical span lengths 
of cable suspensions which are developed when the cable 
is laid over irregularities on the sea floor and the 
cable is subjected to tidal and bottan currents. 
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Since the critical span length of a suspended cable is a 
function of the current velocity, cable dynamic and 
static flexural rigidities, cable damping coefficient, 
mechanical tension of the cable at the sea bottom and 
weight of the cable in water, it is necessary to 
conduct two preliminary tests in order to perform the 
calculations.· These tests include determination of 
static flexural rigidity and determination of dynamic 
flexural rigidity and dampening coefficient. 
3.5.2A Test Procedure -Measurement of Static Flexural 
Rj.oidity LI-5 
A cable sample shall be suspended horizontally with 
one end fixed and with a constant vertical force 
applied to the opposite end as shown in Figure 3. At 
both ends, the congruence of all cable components 
shall be maintained by means of suitable end caps and 
clamping devices. The beam length, 1, shall be in 
excess of the lay length of the armor. A practical 
value is 2 m. 
Cab\~ 
w, 
Fitt. 3 · Static flt.our•l rit{idi~y mti5UI'tlll1:nt 
S: l!lr.nun.J di•p\iiuJO>II'It 
t; b•om toogth (!" Z.-.) 
The sag of the free end shall be recorded until a steady 
state condition is reached. The static flexural 
dgM~~ ~· is r(; th: ''?) 
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where: FJS = static flexural rigidity 
1 = length of cable sample 
s = beam sag at steady state condition 
p = constant vertical force 
w = weight of cable per meter 
3.5.3A Test and Measuring Equipment 
(a) Mechanical testing arrangement as shown in Figure 3. 
(b) cable mechanical end heads (10 tons) (2) suitably 
configured to maintain the congruence of all cable 
components. 
(c) Equipment for gradual application·of constant 
vertical force. 
(d) Recording device for: measurement of cable end 
displacement in order: of some tens of mm. 
(Displacement transducer) 
3.5.4A Data to be Reported 
(a) cable vertical force and end displacement 
(b) cable length and weight 
3.5.5A Number of Tests 
Three 
3.5.6A Length of cable Sanple 
Included in 80 m sample of 3.5.6 B. 
3.5.2B TEST PROCEDURE - l:1EASURfl:lENI' OF DYNAr1IC FLEXURAL 
RIGIDITY AND DAMPENl~N QQEFFICIENT LI-6 
A cable sample shall be suspended between two fixed 
points as shown in Figure 4. 
t • S,.;o !.,~II· 
V. F. • Vi~r•~; .. t' foru 
T, • Co .. ,t"' .. t P~,~Ui"'f fore• 
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The cable span between the two sheaves shall be 25 to 
30 m in length. The cable shall be subjected a constant 
pulling tension such as to produce a sag of 1.3 m in the 
center of the span. The value of 1.3 m has been 
determined experimentally to facilitate measurements at 
the given span length with the cable under a practical 
value of pulling tension. 
A vibrating force shall be applied to the cable at a 
quarter of the span length and accelerometers shall be 
fixed to the cable to monitor the configuration assumed 
by the vibrating cable. The frequency of the vibrating 
force which imparts to the cable the-second oscillating 
mode shall be used to calculate the dynamic flexural 
rigidity of the cable by means of the following formula: 
where: EJd = dynamic flexural rigidity 
1 = length of cable span 
m = mass of cable 
f = frequency of the vibrating force at the 
second cable oscillating mode 
T = constant pulling tension 
Using the sarr~ test arrangement, the damping coefficient 
shall be determined as the mean value obtained by a 
number of "decay tests" performed by stopping the 
vibrating force in the range of 0.5 - 1.5 Hz. 
The above formula is derived from formula (7) of the 
paper "!ll.athematical Analysis of Transmission Line 
Vibration" (reference 4) by substituting (a) 2 f for the 
resonance pulsations Wr and (b) r = 2 for the mode of 
oscillation. 
3.5.3B Test and Measuring Equipment 
a) Mechanical testing arrangement as shown in Figure 4. 
The sheaves are 3 m in diameter. 
b) Mechanical pulling machine. 
c) Cable mechanical end heads. (10 tons) (2) 
d) Vibration inducing equipment. 
e) Accelerometer 
f) Trolleys for sheaves (2) 
g) Fixed points (2) 
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3.5.4B Data to be Reported 
a) Mass of cable 
b) Span length & sag 
c) cable tension 
d) Frequency of vibrating force which induces the 
second oscillating mode to the cable 
e) Damping coefficient 
3.5.5B NUmber of Tests 
One 
3.5.6B Length of Gable Sample 
3.5.7 
80 m 
Calculation of Critical Span Lengths 
After performing the preliminary tests to measure the 
static and dynamic flexural rigidity and dampening 
coefficient, the maximum permissible span length for 
both tidal oscillations and vortex shedding can be 
calculated. The bottom current speed from actual 
current meter measurements and the bottom tension of 
the cable must be known or assumed. 
The calculations shall be made in accordance with the 
cable Catenary Study (reference 2) based on the 
technical papers (references 4, 5, 6 and 7). 
3.6 CABLE OSCILLATION TFSI' UNDER SH1ULATED TIDAL ACTION LI-7 
. 3.6.1 
3.6.2 
Purpose 
The purpose of this test is to demonstrate the ability 
of the cable suspended between two outcrops to withstand 
tidal movements without experiencing damage to the lead 
sheath which would limit its life to less than 30 years. 
Test Procedure 
See Figure 5 for a schematic diagram of the test set-up: 
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Ficz. S Ca~l •. Osc.i\lation• u .. J., Tidal Curr~~:i-J5 Teat 
.T · 0: Pu\li"f Forn . 
d :r. ReCjuin.J Di$rlac.e.rw.ent 
' .. ---
r'-
! ' ' d 
Seclio .. · A-A 
A cable sample shall be suspended between two sheaves 
with a spacing less than the shortest critical span 
length (See 3.5.7) and pulled with a 3 ton force. The 
cable shall be made to oscillate with a displacement to 
the central point of the cable such that the maximum 
strain at the fixed points will be the same as the 
strain due to sea current action. 
The maximum strain lls1 (peak to peak) in the sea bottan condition is corrputed with formula (7) of the Catenary 
Study. The maximum strain lls (peak to peak) under 
test conditions is corrputed ac3ording to the formula: 
where: d = displacement irrposed to the mid point of 
the cable (peak to peak) 
Ds = lead sheath diameter 
1 = span length 
By equating the two strains, the peak to peak test 
displacement is calculated with the following formula: 
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d = .,....,---,---
24 Ds 
Tides have a frequency of 2 cycles per day. To reduce 
the testing time, the test frequency shall be 
accelerated to one cycle per second. The test shall be 
continued either to failure as evidenced by leakage of 
oil between the lead sheath and polyethylene jacket or 
to five times the number of cycles corresponding to a 30 
year life (approx. 45 days testing) as corrputed by the 
following formula, whichever comes first: 
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3.6.3 
3.6.4 
3.6.5 
: 
Nt = N 
·s 3 J :' 
s 
where: Nt = number of test cycles corresponding to 
·. 30 year life 
Ns = mmber of C'.fCles et sea corresponding 
to 30 year life = 22,000 
ft = test frequency = 1 cycle/sec = 86,400 
cycles/day 
fs = frequency at sea = 2 cycles/day 
A physical examination of the sample, shall be conducted 
for evidence of mechanical damage (leakage of oil) of 
the lead sheath. 
If the test is terminated prior to failure, coupon 
samples of the lead sheath shall be cut from the section 
of cable subjected to the flexing ~ction and subjected 
to rnetallographic examination in comparison with coupon 
samples cut from unflexed sections of the cable and with 
recorded results obtained on coupon sarrples previously 
subjected to various degrees of flexing/fatigue. 
Test and Measuring EquipmRnt 
a) Rotating sheaves 3 m in diameter (2) 
b) Cable mechanical end heads (10 tons) (2) 
c) ~lechanical pulling machine for applying 3 tons of 
force to the cable (2) 
d) Vibrating device capable of applying a 1 cycle per 
second oscillatory movement to the cable 
e) Load cell (2 tons) for measuring the tension on the 
cable 
f) Device for n~asuring the oscillations of the cable 
g) Trolleys for sheaves (2) 
h) Fixed points (clamps) (2) 
Data to be Reported 
a) Tensile force on the cable 
b) Number of oscillations to which cable was 
subjected 
c) Results of examination of the lead sheath for 
mechanical damage 
d) Results of metallographical examination 
Nul!lber of Tests 
One 
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3.6.6 Length of cable Per ~est 
80 m 
3. 7 LEAD SHEATH FATIGUE TEST LI-8 
3.7.1 
3.7.2 
Purpose 
The purpose of this test is to determine the fatigue 
life of lead alloy E, used for the cable sheath, under 
the conditions of the cable subjected to tidal action. 
The test results obtained after one year on 20 full size 
cable samples under reasonably accelerated test 
conditions will confirm the validity of the Pirelli 
formula for determining the life expectancy of Alloy E 
lead sheath corresponding to a given strain change and 
cycle rate at a given failure probability level. The 
Pirelli formula can then be used to determine the life 
expectancy of Alloy E lead sheath on cable !\To. 116 under 
tidal action (not less than 30 years). 
Test Procedure 
A testing machine comprised of 20 modular units is 
designed to test 20 c<,ble samples at one time. 
See Figure 6 for a scharetic diagram of test set-up for 
one cable sample. 
DISPLACEMENT 
TRANSDUCER 
FIG.6 Lead Sheath Fat1gu. Teat 
The cable samples, each approximately 3 meters in 
length, are predeformed to a circular arc and each 
clamped by means of two swivel cleats. One cleat is 
fixed and the other is capable of being moved in the 
direction along the chord joining the extremities of the 
circular arc by means of a hydraulic ram. 
The motor unit is used to obtain the required cable 
movements with the required cycle rate. To this end, 
both the amount of cable displacement along the chord 
and its speed (related to the cycle rate) can be 
suitably adjusted. The initial cable sag and the amount 
of its variation are adjusted during the setting-up of 
the testing equipment to obtain a strain variation 
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3.7.3 
3.7.4 
. 3. 7 .s 
3.7.6 
of l.Sxl0-3 on the lead sheath. A test frequency of 3 
cycles per hour shall be employed to achieve the desired 
test duration of one year. 
The test shall be conducted for a time duration for 50% 
of the cable samples to fail plus 15 days. 
The congruence of armor, lead sheath and conductor shall 
be aChieved by means of suitable cable end heads. 
Failure of the cable lead sheath during the test shall 
be indicated by drop of the internal .. oil pressure caused 
by the oil leak irrrnediately following the sheath 
failure. 
TeSt and Measuring Equipment 
(a) Testing machine comprised of 20 modular units 
(b) Actuator system for testing machine 
(c) cable mechanical end heads (40) suitably designed to 
maintain congruence of all cable components 
(d) Measuring/recording device for measuring number and 
amount of cable displacements in the range of 5 mm 
for the chord and 20 rnm for the sag (displacement 
transducer) (20) 
(e) Recording device for measuring/recording internal 
oil pressure (20) 
(f) Special cable oil 
(g) Oil processing equipment 
Data to be Reoorted 
(a) cable sample displacements (chord and sag) 
(b) Internal oil pressure 
(c) Number of cycles (cable sample displacements) to 
each failure 
Number of TeSts 
Twenty tests carried out simultaneously on 20 cable 
samples. 
Length of Cable Per Test 
3 m; total of 60 m of cable 
3.8 FRICI'ION FORCE TEST LI-9 
3.8.1 Purpose 
The purpose of this test is to determine the friction 
force exchanged between the conductor and armor of the 
cable with minimal compressive force exerted by the 
armor on the underlying cable components. 
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3. 8.2 
3.8.3 
3.8.4 
3.8.5 
3.8.6 
This test shall be performed on "as manufactured" cable 
and on a cable previously subjected to a tension of 85 
tons. 
Test Procedure 
A 10 m length of cable shall be tensioned such that an 
external load shall be applied to the conductor at one 
end and a restraining load shall be applied to the armor 
at the opposite end. The conductor shall have an 
increasing tensile load applied. The value of the 
tensile load (pulling force) just prior to displacement 
of the conductor shall be recorded. 
Test and Measurina fmli.J:xnent 
(a) Cable mechanical end head suitable for applying load 
to the conductor. 
(b) Cable mechanical end head suitable for applying a 
restraining load to the armor while not transmitting 
a compressive load to other cable components. 
(c) Mechanical pulling machine for applying increasing 
load to the conductor (100 tons). 
(d) Load cell (2 tons) 
(e) Recording device 
Data to be Reported 
Value of applied conductor tensile load just prior to 
the displacement of the conductor with respect to the 
armor. 
Ntm!ber of Tests 
Four; one test per each of three cable samples from "as 
manufactured" cable and one test on a cable sample from 
the unbent length of cable subjected to the Bending Test 
in the Bending and Electrical Test LI-2 (3.2). 
Length of Cqble Per T§st 
10m 
3.9 CRQSHING TEST LI-10 
3.9.1 
3.9.2 
Puroose 
The purpose of this test is to determine the maximum 
withstand crushing force for the cable and to permit 
calculation of the coefficient of friction of the 
cable as a function of the crushing force. 
T§st Procedure 
See Figure 7 for a schematic diagram of the test set-up: 
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3.9.3 
Fit.l Crv~hinot , T~.st 
Te • Ccnat:n,t p..,l\i..,t faru 
C ~ Cr11•\o.;.,f force 
P : Force pul\i"'{ t~,, l T ,~.;..,.,j,t;"'{ dc·iec. 
LT: LiMI.r Tct~aioner ,~;..,..,J,~i"'{ d1vie• 
A cable sample shall be tensioned with a constant 
pulling force of 85 tons and a linear tensioner 
simulating device shall be applied to the cable. The 
device shall apply a crushing force to the cable of 3 
tons/m while the tensioner is pulled with increasing 
force. The pulling force that produces a movement of 
the device with respect to the outer serving or of the 
outer serving with respect to the armor shall be 
recorded. The test shall be repeated at increased 
crushing forces of 5 and 7 tons/m at different points 
along the cable and the pulling forces similarly 
recorded. The sample shall then be dissected for 
visual examination of the tape shields and insulation 
structure where the crushing forces have been applied. 
Specifically, the cable shall be subjected to selective 
analysis including a) tape shield and insulating tape 
structure, e.g. uniformity of gaps, creases, torn tapes, 
registrations, b) damage to lead sheath or 
reinforcement, c) ovalization, d) deformation of 
polyethylene jacket, and e) condition of armor and outer 
covering. 
Test and Measuring Equipment 
a) Hydraulically operated linear tensioner simulating 
device 
b) cable mechanical end heads (150 tons) (2) 
c) Tensile test facility 
d) Load cell (20 tons) 
e) Recorder 
f) cable fixed point (100 tons) 
g) Free rotating head (100 tons) 
h) Special cable oil (100 liters) 
i) Oil processing equipment 
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3.9.4 
3.9.5 
3.9.6 
Data to be Reoorted 
a) The forces required to produce a movement of the 
linear tensioner simulating device with respect to 
the cable outer covering or of the outer covering 
with respect to the armor at crushing forces of 3, 
5 and 7 tons/rn respectively. The location at whch 
movement occurred shall be identified. 
b) Results of visual examination of the tape shields 
and insulation structure of the cable where the 
crushing forces were applied and determination of 
maximum withstand crushing force. 
c) Coefficient of friction calculated from the 
following formula: 
f = 1. 
F 
where: f = coefficient of friction 
T = maximum pulling force on the linear 
tensioner simulating device before 
displacement occurred. 
F = crushing force 
Nu!nber of Tests 
One 
Length of Cable Sample Per Test 
60 rn 
3.10 SI,EEVIN:> TEST LI-11 
3.10.1 Pg[pOse 
The purpose of the sleeving test is to verify the 
congruence of the cable components (conductor,'armor, 
etc.), during deployment and retrieval operations using 
a linear tensioner. 
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3.10.2 T§st Procedure 
See Figure 8 for a schematic diagram of the test set-up: 
T 
-
Cab\• with. 
01.1ter UI"Viro'{ 
•. 
P E or C 
Fi~.' 8 Slcevlr.~ TIE:,.,t 
T • P~,~ \lint Foret. 
L. T. 
I Crushint t roru 
P E • Polyeth;lene juket 
·C • Cr;u.,ducJor 
A cable sample shall be inserted in the linear tensioner 
simulating device and the maximum permissible crushing 
force determined in the Crushing Test (3.7) shall be 
applied. With this crushing for:ce applied, the 
conductor: alone shall be pulled with an incr:easing 
for:ce. The value of the maximum pulling force before 
displacement of the conductor: shall be r:ecor:ded. The 
test shall be repeated pulling the conductor:, lead 
sheath and polyethylene jacket as a unit. The two 
values obtained shall be corrrpar:ed with the CO!!puted 
for:ces at a pulling tension of 85 tons r:educed by the 
ratio between the lengths of the simulating device and 
the length of the actual linear: tensioner:. 
· 3.10.3 Test and Measur:ing Equipment 
a) Hydr:aulically oper:ated linear: tensioner: simulating 
device 
b) Cable pulling heads, one designed for: pulling 
the conductor; the second for attachment to the 
conductor, lead sheath and polyethylene jacket (5 
tons) (4) 
c) Tensile test facility with a suitable capacity 
d) Load cell (20 tons) 
e) Free rotating head (100 tons) 
f) Recorder 
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3.10.4 Pata to be Reported 
a) Pulling tension to produce displacement of the 
conductor 
b) Pulling tension to produce displacement of the 
conductor, lead sheath and polyethylene jacket as 
a unit 
c) Percent increase of each of above values compared 
to the ·ratio between the length of the 
simulating device to the length of the actual 
tensioner multipled by 85 tons 
3.10.5 Number of Tests 
~0 
3.10.6 Length of Cable Sample Per Test 
40 m 
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LS-1 
Crushing 
Test 
Factory 
Joint 
74T 120 rn 
S!JMMARY OF LABOAA'IORY SEPUEN.:E TESTS 
LS-2 
Bending 
Test 
Factory 
Joint 
Us 
74T LS 
e 
-1 
1 
e 
,.-------'LS-5 l 
Externa 
Pressur 
Test 
No Join t 
se 
S-4 
i 
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LS-3 
Repeated 
Flexure 
Test 
. -
. -
No Joint 
Use 
To be LS-2 
determined 
LS-6 l 
Electrical 
Tests 
.PF 
.DC Withstand 
• Impulse Withstand 
& Breakdown 
Factory Joint 
~ Use LS-4 
LS-4 
cable 
Oscillation 
Test 
i--
No Joint 
IX Use LS-3 
4. 0 SEPUENCE TEST PROORAM 
4.1 SEQUENCE TESTS 
4.1.1 Purpose 
The purpose of this test is to demonstrate that the cable 
and factory joint can withstand the cumulative mechanical 
stresses arising from a sequence of crushing, bending, 
repeated flexure and tidal movements simulating cable 
deployment, retrieval, repair and operation subjected to 
tidal movements and exhibit satisfactory mechanical and 
electrical characteristics. . . 
4.1.2 Test Procedure 
The following tests shall be performed in sequence on a 
cable sample including a factory joint: Crushing Test, 
Bending Test, Repeated Flexure Test and Cable Tidal 
Oscillation Test. On completion of these tests, the cable 
shall be divided into two lengths. The shorter length 
shall be subjected to the External Pressure Withstand Test; 
the remaining length shall be subjected to electrical tests 
including Impulse Withstand Test. The impulse voltage 
shall be increased to breakdown. The cable/joint in the 
vicinity of the failure and other critical sections of the 
cable shall be dissected and examined for mechanical damage. 
4.1.2.1 CRUSHING TEST LS-1 
The device employed for the Crushing Test in 3. 7.3 shall 
be applied to a straight length of cable (Figure 6) and 
pulled with a force given by the following formula: 
p = T • 
where T = 74 tons (4.2.2) 
La = length of linear tensioner 
simulating device 
Lt = length of actual linear tensioner 
P = pulling force to be applied to the 
test cable -
The crushing force in this test shall be the maximum 
withstand crushing force determined in 3.7. 
4.1.2.2 BENPING TEST LS-2 
This test shall be performed employing the same test 
procedure as for 3.2.2 excluding the electrical tests. 
The tensile force applied to the cable shall be 74 tons 
calculated employing the following formula: 
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T = 1.3 Wh + 6.8 = 74 tons 
where W and h are as defined previously. 
4.1.2.3 REPEATED FLEXURE TEST LS-3 
This test shall be performed in the same manner as 
described previously (3.4.2). The jointed section of 
the cable length shall not be subjected to this test. 
The tensioning force shall be computed employing the 
following formula: 
T = 1.3 Wh' + 6.8 
where: w = weight of cable in sea water as defined 
previously 
h' = the maximum water depth feasible for 
cable retrieval and repair as determined 
in the cable Repair Rationale activity 
4.1.2.4 CABLE OSCTTJ.ATION TFSI' QN!)ER SIMULATED TIDAL AGriON 
LS-4 
This test shall be performed as described previously 
(3.6.2) on the non-jointed section of cable. The test 
shall be terminated after the number of cycles (Nt) 
corresponding to 30 year life. · 
4.1.3 Test And Measuring Eqyipment 
The test and measuring equipment for sequence tests 
4.1.2.1, 4.1.2.2, 4.1.2.3 and 4.1.2.4 shall be same as 
indicated previously for the respective tests. 
·. · 4.1.4 Number of Tests 
One per each of sequential tests from 4.1.2.1 through 
4.1.2.4. 
· 4.1.5 Length of cable Sample Required for the Sequences Tests 
120 m 
4. 2 EXTERNAL WATER PRESSURE WITHSTAND TEST LS-5 
4.2.1 Purpose 
The purpose of this test is to demonstrate that the cable 
can successfully withstand the maximum difference between 
the external water head pressure and the internal oil head 
pressure to which the lead sheath is exposed during 
deployment and in service. This maximum differential 
pressure across the lead sheath will be experienced in case 
of loss of the additional oil pressure provided by the oil 
pumping stations installed at the cable ends. 
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4.2.2 ~st Procedure 
See paragraph 3.4 of Electra No. 68 for details of the 
test. The cable sample shall be selected as indicated in 
4.1.2. 
The cable sample, suitably sealed at the ends by means of 
caps, shall be introduced into a pressure pipe and 
subjected to. a test pressure for 48 hours. The cable 
shall be internally filled with oil maintained at 
atmospheric pressure. The test pressure shall be 20 
percent higher than the maximum difference between 
outer water pressure and internal pressure to which the 
lead sheath is exposed during deployment. or during service. 
The test pressure shall be 1.1 MPa (11 bars) calculated 
employing the following formula: 
h 
1000 
MPa 
where: p s = density of sea water = 10.35 kWm3 
p 0 = density of cable oil = 9.87 kWm
3 
h = maximum anticipated depth of 
deployment 
= 1915 m 
4.2.3 Test and Measuring Equipment 
a) 6 inch (152 mm) inside diameter 20 atm rated steel pipe 
5 m in length 
b) Oil pump with output pressure capability of at 
least 1.1 MPa (11 bars) 
c) Pressure transducers of suitable pressure range (2) 
d) Pressure recorder 3 channels 
e) Cable end caps (2) 
f) Vacuum pump 
4.2.4 Data .TO Be Reported 
a) Test pressure 
b) Time of application 
c) Condition of lead sheath after performance of test, 
e.g. creases, shape irregularity, etc. 
d) OVerall diameter of the cable 
e) Difference between maximum and minimum diameter 
(ovalization) 
4.2.5 NUmber of Tests 
One 
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4.2.6 Length of C?hle Required 
2 m. To be taken from the 120 m length subjected to the 
Sequence Tests. 
4. 3 ELECI'RICI\L TESTS LS-6 
The electrical tests described in 3.1 shall be performed on the 
longer part of the·cable including the joint after completing the 
sequence tests of 4~1.2.1, 4.1.2.2, 4.1.2.3 and 4.1.2.4. 
4.3.1 Data to be Reported 
4.3.1.1 E!ectrical Tests 
Test Conditions - Temperature of conductor and L'lt 
between conductor and sheath 
Power Factor - Comparison with 3.1 
OC Withstand Test - Pass or fail 600 kV for 15 minutes 
Impulse Withstand Test - Pass or fail 775 kVp 
Impulse Breakdown Test - Breakdown voltage comparison 
with 3.1 
4.3.1.2 Dissection and Ana1ysis 
For engineering information the cable and joint shall 
be subjected to selective analysis including a) tape 
shield and insulating tape structure, e.g. uniformity 
of gaps, creases, torn tapes, registrations, b) damage 
to lead sheath or reinforcement, c) ovalization, d) 
deformation of polyethylene jacket, and e) condition of 
armor and outer covering. 
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TABLE 1 
GENERAL TEST!~ EPUIPMENI' 
Power Factor Bridge: 
Impulse Generator: 
DC Generator: 
CUrrent Heating Transformers: 
Tensile Test Machine: 
(200 'Ions capacity) 
Temperature Monitoring and 
Recording Equipment 
Laboratory Terminations: 
Low and High Pressure Oil Reservoirs: 
A2/120 Reservoirs (24) 
P2/25 Reservoirs (18) 
Oil Processing Equipment: 
Degassifier 
Oil Pumping Plant 
Oil Draining Vacuum Pumps (2) 
Oil Filtration Equipment 
Small Trolleys (80) 
Ranps (4) 
Heat Insulation (200 m) 
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Messwandler 
Transformer Bridge 
2000 KV min. 
200 KJ min. 
1000 KV min. 
5 rnA min. 
so KVA capacity min. 
High Pressure Hydraulic Cylinder 
Type Equipped With Instruments 
For Recording Tension, Torque 
Moment, Elongation & Rotation 
Conventional High Voltage AC 
Sealing Ends Rated: 
500 kV - Loading Cycle & Polarity 
Reversals 
230 kV - Impulse Tests 
400 kV - DC Tests 
Non-pressurized 120 Liters 
Pressurized 25 Liters 
600 Liters per Hour 
1000 kPa (10 bars) 
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SUMMARY OF QUALIFICATION TFSl'S 
Q-1 
Bending & 
Electrical Test 
.Load Cycle & 
Polarity Reversal 
.Impulse Withstand 
and Breakdown 
No Joint 
85T I included 
Q-4 
Tensile 
Test 
No Electrical 
Repair Joint 
in Q-2 
Q-2 
Bending & 
Electrical Test 
.Load Cycle & 
Polarity Reversal 
.Impulse Withstand 
and Breakdown 
Factory Joint 
85T /120m 
Q-5 
External Water 
Pressure Test 
No Electrical 
No Joint 
1.1 MPa 15 m 
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, 
Q-3 
Bending & 
Electrical Test 
.Load Cycle & 
Polarity Reversal 
.Irnp~lse Withstand 
and Breakdown 
Repair Joint 
85T I 120 m 
Q-6 
Internal Pressure 
Test 
No Electrical 
No Joint 
5 MPa I 15 m 
1\PPENDIX A 
A. QUALIFICATION TESTS 
A.l BENDING AND ELECTRICAL TESTS Q-1, Q-2 & Q-3 
A.l.l 
A.l.2 
Pumose 
The purpose of this test is to demonstrate the 
electrical characteristics of the cable and to show that 
the electrical characteristics are not impaired by 
bending under tension simulating the forces that occur 
during both deployment and recovery operations. 
Test Procedure 
a) Bending Test 
The mechanical set-up for performing the bending 
test shall be in accordance with Figure 1 of Electra 
No. 68. Alternatively, the bending of the cable 
shall be accomplished as shown in Figure 1: 
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The cable ends shall be secured with mechanical heads 
that are designed to join all metal components of the 
cable in such a manner as to provide the same 
distribution of tensile load as will be experienced 
during cable deployment. 
See paragraph 3.2 of Electra No. 68 for details of 
bending test. The oil pressure at the highest 
position shall be adjusted to 700 kPa (7 bars). This 
oil pressure is sufficiently high to closely approach 
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; 
the electrical properties of the cable at its 
operating pressure of 25 to 30 bars while 
facilitating the performance of the test. '1\vo 
bending tests shall be conducted. One test shall be 
performed on a length of cable containing a factory 
joint. The second test shall be performed on a 
length of cable containing a repair joint. Each 
length of cable shall be wound on a drum having a 
diameter of 12 m which will be the diameter of the 
overboarding sheave installed on the cable laying 
ship. During the bending test, the cable shall be 
subjected to a mechanical tension of 85 tons 
calculated using the following formula: 
T = 1.15 (1.3 Wh + 6.8) tons 
where: W = weight of cable in water 
water = 0.027 ton/m (27 kg/m) 
h = IMXimum anticipated depth of 
deployment 
= 1915 rn 
NJI'E: The above formula, compared to the formula in 
Electra No. 68, incorporates a higher bottom 
tension due to the greater difficulty in 
controlling bottom tension at the greater 
deployment depths and a factor of safety. The 85 
tons tension calculated by the above formula 
corresponds to a deployment depth of 2307 rn 
calculated by the formula in Electra No. 68. 
Although the IMXimum depth at which a repair joint 
can be made will be in the order of 1/3 of h, it 
is considered desirable to demonstrate that the 
repair joint can withstand the same tensile forces 
as the cable and factory joint. 
b) Electrical Test 
After the bending test, the cable length containing 
the factory joint shall be divided into two cable 
lengths, one containing the factory joint. The 
resultant three cable lengths, one, cable only, the 
second cable with factory joint and the third cable 
with repair joint, designated Q-1, Q-2 and Q-3, 
respectively, shall be subjected to the following 
electrical tests: 
Load Cycle and pqlarity Reversal TeSt 
This test, corrprising 30 loading cycles, shall be 
performed in accordance with Clause 10 of Electra 
No. 72. A loading cycle shall consist of 8 hours 
heating, at the end of which the conductor 
temperature shall be not less than 90°C (IMXimum 
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rated temperature plus S°C) and the temperature 
across the insulation shall be llK (maximum design value 
for this cable design and application). The 30 loading 
cycles are divided into 3 tests of 10 cycles each: 
The first 10 loading cycles shall be carried out 
with a positive de voltage of 600 kV (2 Uo) applied 
between conductor and sheath. 
The second 10 loading cycles shall be carried out 
with a negative de voltage of 600 kV (2 Uo) applied 
between conductor and sheath. . _ 
The third 10 loading cycles shall be carried out 
with a de voltage of 4SO kV (l.S Uo) applied 
between conductor and sheath. Starting with 
positive voltage, the voltage polarity shall be 
reversed every 4 hours and one reversal shall 
coincide with the cessation of loading current in 
every loading cycle. The recommended time duration 
for a polarity reversal is maximum of 2 minutes, 
however, the time duration may be extended to 10 
minutes maximum if the time constant is long. 
Impulse Withstand Test 
This test shall be conducted in accordance with 
Clause 11, sub-paragraph 11.1, of Electra No. 72 and 
the referenced IEC Publication 230. The oil pressure 
at the highest position of the installation shall be 
adjusted to a value of 700 kPa (7 bars). The 
conductor shall be current loaded to a temperature of 
90°C (maximum rated temperature plus S°C) • The 
temperature across the insulation shall be llK 
(maximum design value for this cable design and 
application) • 
A negative d.c. voltage equal to 300 kV shall be 
applied between conductor and sheath for at least 2 
hours. After this time and without disconnecting the 
d.c. voltage, 10 positive lightning impulses shall be 
superposed on 300 kV. d.c. 
After having deenergized the cable, a positive d.c. 
voltage of 300 kV shall be applied between conductor 
and sheath for at least 2 hours. Then 10 negative 
lightning impulses shall be superposed on + 300 kV d.c. 
The impulse shall be such that the peak value 
measured between cable conductor to ground is equal 
to 77S kV. The time between each impulse shall not 
be shorter than 2 min. No breakdown shall occur. 
Test circuits suitable to obtain the superposition of 
an impulse on a d.c. voltage are shown in Figure 1 
and 2 of Electra No. 72. 
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A.l.3 
A.l.4 
A.l.S 
• 
For engineering information, the cable shall be 
dissected in the region of the breakdown area ~o 
determine the casue of failure and the failure path. 
In addition, should the failure not occur within the 
joints, the joints shall be dissected and a detailed 
examination of all conponents shall be conducted and 
recorded •. ·Specifically the cables and joints shall 
be subjected to selective analysis including a) tape 
shield.and insulating tape structure, e.g. uniformity 
of gaps, creases, torn tapes, registrations, b) 
damage to lead sheath or reinforcement, c) 
ovalization, d) deformation of polyethylene jacket, 
and e) condition of conductor arm9r and outer 
covering. 
Test and Measuring Ecruiment 
klechanical 
a) 12 m sheave with trolley 
b) Tensile test facility (100 tons) 
c) cable mechanical end heads (4) 
d) Load cell (100 tons) 
e) Tensile recorder 
f) Low and high pressure oil reservoirs (Table 1) 
g) cable fixed point (1) 
h) cable sealing heads (4) 
i) Free rotating head (100 tons) 
j) Elongation gauge and recorder 
Electrical 
a) DC generator (See Table 1) 
b) Impulse generator (See Table 1) 
c) Laboratory terminations (6) (Table 1) 
d) CUrrent heating transformers (Table 1) 
e) Tensile recorder 
f) Low and high pressure oil reservoirs (Table 1) 
g) Temperature monitoring and recording equipment (Table 1) 
h) Special cable oil (5000 liters) 
i) Oil processing equipment (Table 1) 
Data to be Rewrted 
a) Results of the electrical tests 
b) Bending test tension values and other pertinent 
observations 
c) Temperature record of conductor and sheath during 
electrical tests 
d) Impulse breakdown test values for the cable 
lengths 
e) Results of dissection of the failed cable/joint 
f) cable oil pressure 
NU!nber of Tests 
A total of two bending tests and three electrical 
tests will be performed • 
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A.1.6 Igngth of Gable Sample per Test 
Each bending test sample, including a factory and 
repair joint, respectively, shall be 140 m in length. 
A.2 TENSILE TEST Q-4 
A.2.1 
A.2.2 
A.2.3 
Purpose 
The purp6se of this test is to evaluate the basic 
mechanical properties of the cable and repair joint 
when subjected to tensile forces more severe than 
the maximum forces expected to be eXperienced 
during cable deployment. 
Test Procedure 
See paragraph 3.3 of Electra No. 68 for details of the 
test. 
The tensile test shall be performed on a long bed 
tensile testing machine equipped with a suitable 
measuring device for recording the maximum tension 
applied to the cable. 
The cable ends shall be provided with suitable heads for 
application of the tensile load. One head shall be 
free-rotating. 
At the start of the test, the tension shall be slowly 
increased to 1.85 tons calculated by the following 
formula: 
T
0 
= 50 w tons 
where: 50 is the length of the cable in meters 
W = weight of 1 meter of cable in air 
= 0.037 tons/m (37 kg/m) 
After measurement of the length between two index lines 
marked on the cable (Lo), the tension shall be slowly 
increased to 85 tons (see 3.2.2) and maintained at this 
value for 15 minutes. Then the length between index 
lines shall be measured (L max) and the revolutions of 
the free head recorded. The tension shall then be 
decreased to the initial value 'lb and the length 
between index lines recorded (Lo' ) • The cycle shall be 
recorded three times. 
Test and Measuring Fpuignent 
a) Tensile test facility (100 tons) 
b) Tensile recorder 
c) Cable mechanical end heads; one head free rotating 
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A.2.4 
A.2.5 
A.2.6 
d) cable fixed point (100 tons) 
e) Load cell and cell housing (100 tons) 
f) Elongation gauge & recorder 
g) Special cable oil (200 liters) 
h) Oil processing equipment 
Data to be Rerorted 
a) The rnaxirnwn tension applied to the cable for 15 
minutes 
b) Values of Lo, Lrrax and Lo' for each cycle 
c) The calculated ratios: 
Lmax-Lo d 
Lo an 
for each cycle 
Lo'-Lo 
Lo 
d) The revolutions of the free head 
e) Results of visual examination of the cable 
sample 
Number of Tests 
One 
Length of Cable Sample per Test 
50 rn 
A. 3 EXTERNAL WATER PRESSURE WI'IHSTANJ) TFST Q-5 
A.3.1 
A.3.2 
Purpose 
The purpose of this test is to demonstrate that the 
cable can successfully withstand the maximum 
difference between the external water head pressure 
and the internal oil head pressure to which the lead 
sheath is exposed during deployment and in service. 
This maximwn differential pressure across the lead 
sheath will be experienced in case of loss of the 
additional oil pressure provided by the oil pumping 
stations installed at the cable ends. 
Test Procedure 
See paragraph 3.4 of Electra No. 68 for details of the 
test. A cable sample, suitably sealed at the ends by 
means of caps, shall be introduced into a pressure 
pipe and subjected to a test pressure for 48 hours. 
The cable shall be internally filled with oil 
maintained at atmospheric pressure. The test pressure 
shall be 20 percent higher than the maximum difference 
between outer water pressure and interval pressure to 
which the lead sheath is exposed during deployment or 
during service. 
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A.3.3 
A.3.4 
The test pressure shall be 1.1 MPa (11 bars) calculated 
employing the following formula: 
h 
P = 1•2 ( Ps- Po) 1000 MPa 
where: Ps =density of sea water= 10.35 kNVm3 
p = density of cable oil = 9.87 kNVm3 9 . . 
h = maximum anticipated depth of 
deployment 
= 1915 m 
Test and Measuring Equipment 
a) Pressure tube 
b) Pressurizing apparatus 
c) Pressure transducers of suitable pressure range (2) 
d) Pressure recorder 3 channel 
e) cable sealing heads, Type B (2) 
f) vacuum pump 
Data to be Reported 
a) Test pressure 
b) Time of application 
c) Condition of lead sheath after performance of test, 
e.g. creases, shape irregularity, etc. 
d) Overall cable diameter 
e) Difference between maximum and minimum diameter 
(ovalization) 
A.3.5 · Nu!nber of Tests 
One 
. ·. A.3.6 Length of Cable -Sample Per Test 
5 m 
A. 4 INI'ERNAL PRESSURE WITHS'I'AN!) TEST Q-6 
4.1 Purpose 
The purpose of this test is to demonstrate that the 
cable can successfully withstand the maximum pressure 
difference between the internal oil pressure and the 
external water pressure that can exist under all 
possible operating conditions. The maximum pressure 
difference can exist across the lead sheath with the 
cable in shallow water or on land with the oil pump 
operating at maximum pressure. 
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A.4.2 
A.4.3 
A.4.4 
A.4.5 
A.4.6 
Test Procedure 
See paragraph 3.5 of Electra No. 68 for details of the 
test. A sample of finished cable, with the tapes of 
the mechanical reinforcement jointed (welded or 
soldered) in accordance with the manufacturers standard 
practice, shall be used for the test. Both cable ends 
shall be fixed to prevent rotation. 
The cable· sample shall be subjected for 24 hours to an 
internal pressure of 5 11Pa determined from the following 
formula: 
P' = 1.5 P'o + 0.5 MPa 
where: P'o = maximum pressure difference to which the 
lead sheath will be subjected in service 
= 3 MPa (30 bars) 
Test and ~Teasuring Equipment 
a) Pressurizing apparatus 
b) Pressure transducer 
c) Pressure recorder, 2 channel 
d) Cable sealing heads 'Iype C (2) 
e) Anti-twist clamps (2) 
Data to be Rewrted 
a) Test pressure 
b) Time of application 
c) Condition of reinforcing tapes; e.g. evidence 
of broken tapes 
d) Evidence of oil leaks or damage to the lead sheath 
Nu!!!ber of Tests 
One 
Lenath of Gghle Sample Per Test 
15 m 
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TABLE Q-1 
GENERAL TESJ'I'ffi EQUIPMENI' 
Power Factor Bridge: 
Impulse Generator: 
OC Generator: 
CUrrent Heating Transformers: 
Tensile Test Machine: 
(200 Tons capacity) 
Temperature Monitoring and 
Recording Equipment 
Laboratory Terminations: 
Low and High Pressure Oil Reservoirs: 
A2/120 Reservoirs (2) 
P2/25 Reservoirs (18) 
Oil Processing Equipment: 
Oil Pumping Plant 
Degassifier 
Oil Draining Vacuum Pumps (2) 
Oil Filtration Equipment 
Snall Trolleys (80) 
Ramps (4) 
Heat Insulation (200 m) 
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Transformer Bridge 
2000 KV min. 
200 KJ min. 
1000 KV min .• 
5 rnA min. 
so KVA capacity min. 
High Pressure Hydraulic Cylinder 
Type Equipped With Instruments 
For Recording Tension, Torque 
Moment, Elongation & Rotation 
Conventional High Voltage AC 
Sealing Ends Rated: 
500 kV - Loading Cycle & Polarity 
Reversals 
230 kV - Inpulse Tests 
400 kV - OC Tests 
Non-pressurized 120 Liters 
Pressurized 25 Liters 
1000 kPa (10 bars) 
600 Liters per Hour 
